An extended use of existing structures is of a great importance for many countries. It has significant economic, social and cultural impacts. Many buildings and bridges, built in the Czech Republic and in other European countries in the 1960s, are now reaching the end of their working life. They require assessment and rehabilitation to assure their further safety and economical exploitation. The assessment of existing structures differs from procedures taken during the design of new structures and may require application of sophisticated methods. In many cases these methods are beyond the scope of common standards for structural design. The prescriptive documents cannot be directly applied for the assessment, as the actual state of structures and their materials must be taken into account. Moreover, the current standards have often more severe requirements than the codes applied at the time of original design. Although some existing structures appear to have a lower reliability level than that required for new structures, they may still comply with the performance requirements. The requirements for safety and serviceability specified in the international standard (ISO 13822, 2001 ) are in principle the same as those recommended for design of new structures. There are, however, some fundamental differences between the criteria for design of new structures and assessment of existing structures indicated in Tab. 1. It is generally required to minimize structural intervention to existing structures and to use the existing materials. Actual properties of existing materials should be, however, carefully verified. 
Verification of crack width according to Eurocodes
The formula for the fully developed crack width as recommended in Eurocodes is based on the model provided in (CEB, 1985) . The mean crack width w m is given as
where s r,m is the mean crack spacing, ε sm is the mean strain in reinforcement under the relevant combination of actions and ε cm is the mean strain in concrete between the cracks. The mean crack spacing is estimated as
where c is the concrete cover of reinforcement, k is the coefficient for cover characteristics (k = 2), k 1 is the coefficient for bond properties of reinforcement (0,8 for high bond bars), k 2 is the coefficient for stress distribution (0,5 for bending), d is the bar diameter and ρ p,eff is the effective reinforcement ratio.
The strains difference ε sm -ε cm is expressed as
where σ s is the stress in the tension reinforcement assuming a cracked section, α e is the ratio E s /E cm between the modulus of steel and concrete and k t is the factor dependent on the load duration (0,4 for long-term loading). The characteristic crack width w k (the 5% upper fractile) is estimated on the basis of the mean crack width w m assuming a normal distribution as
where V is the coefficient of variation of the crack width (up to 40 %) and u p is the 5% upper fractile of the standardized normal distribution. The relationship (4) is applied in the probabilistic reliability analysis as follows. The Eurocode (EN 1992-1-1, 2004) provides the formula for the characteristic crack width in the form
For the verification of the limit states of crack width of a bridge crosssection, the following inequality has to be fulfilled
where w lim is the crack width limit. The Eurocodes recommend for reinforced concrete bridges the crack width limit w lim = 0,3 mm under the quasi-permanent load combination.
Verification of crack width according to Model Code 2010
The document (Model Code, 2010) recommends a crack width model which is also based on formulae (4) and (5). The characteristic crack spacing is expressed as
where k is the coefficient for cover characteristics, c is the reinforcement cover, d is the bar diameter and τ bk is the lower fractile of average bond stress.
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The strains difference ε sm -ε cm is also given by expression (3) in which instead of the coefficient k t a similar coefficient b t for the effects of load duration is applied. The same crack width limit w lim = 0,3 mm under the quasi-permanent load combination is recommended for reinforced concrete structures in (Model Code, 2010).
Reliability analysis of an existing bridge
A simply supported reinforced concrete bridge is considered as an example for estimation of the deterioration effects due to reinforcement corrosion on bridge reliability. The residual working life of a bridge is analyzed on the basis of the design criteria for crack width provided in documents (EN  1992- , 2010) is applied, the limiting crack width is also satisfied. It is assumed that the bridge is gradually deteriorating. Two study cases of the uniform corrosion and pitting corrosion are considered according to the models given in both prescriptive documents. It is assumed that the initiation of corrosion starts early after the bridge completion. The reduction of the reinforcement area due to the uniform and also pitting corrosion in time (years) is illustrated in Figure 1 . 
Probabilistic reliability analysis
The probabilistic methods are applied for the verification of the reliability level of the existing bridge affected by corrosion with respect to the serviceability limit states of crack width. A homogeneous (uniform) corrosion and also localized (pitting) corrosion are considered, (Model Code, 2010), (Val et al. 1998). The limit state function g(.) is expressed in terms of the limit value of the crack width w lim and the random crack width w(.) calculated under the theoretical crack width models and quasi-permanent combination of actions given as
where X is the vector of basic variables, ξ lim and ξ w are the coefficients of model uncertainties for the requirements on the crack width limit and the crack width model, respectively, and t is the considered time.
The random crack width is considered by expression (1) in which the symbol w(.) is used instead of w m . The relationship between expressions (1) and (5) is taken into account in the reliability analysis as follows. The probability P F of a random crack width w(X, t) exceeding the crack width limit w lim for the time dependent problem may be assessed as
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P F (X, t) = P{ξ lim w lim -ξ w w(X, t) < 0}
The bridge may be considered as reliable if the following inequality is satisfied
where the probability of failure P Ft is the specified (target) value that should not be exceeded during the design working life. Another reliability indicator is the generalized reliability index β, defined on the basis of the probability of failure P F , given as β (X, t) = −Φ -1 (P F (X, t)). The target reliability index β t for verification of the irreversible serviceability limit states is β t = 1,5.
The design of a bridge considered in the following study fulfils the requirements of (EN 1992-1-1, 2004) and (EN 1992-2, 2005) for the ultimate limit states and the minimum area of reinforcement needed for limiting of cracking.
The probabilistic models applied in the reliability analysis are listed in Table 3 . Some of the basic variables entering expression (9) are assumed to be deterministic values denoted DET (reinforcement area, some geometric characteristic, coefficients k t and k 2 ) while the others are considered as random variables having normal (N), lognormal (LN), Beta (BET) and Gumbel (GUM) distributions. The probabilistic traffic load model is based on the traffic measurements on the motorway A6 near Auxerre which was selected for the development of the models of traffic actions, see (Hanswille, 2007 ). The probabilistic model of traffic loads based on the Gumbel distribution considered here takes into account the bridge remaining working life.
The results of probabilistic reliability analyses of the reinforced concrete bridge with respect to the limit states of crack width considering the prescriptive documents (EN 1992 (EN , 2005 ) and (MC, 2010) are illustrated in Figure 2 . Two study cases of the uniform and pitting corrosion are taken into account. The initial reliability of the bridge with respect to crack width (β = 2,1 considering EN 1992-2, β = 2,3 for MC 2010) is greater than the target value of reliability index β t =1,5 recommended for verification of the serviceability limit states. However, the diminishing area of reinforcement due to reinforcement corrosion leads to the decrease of the reliability index β in time as it is shown in Figure 2 . The results of probabilistic analysis indicate that the reliability of a bridge affected by pitting corrosion after its 60 year working life significantly decreases below the target reliability level. The uniform corrosion also leads to reduction of the area of reinforcement, however having smaller impact to the bridge reliability in time. Thus, considering the degradation processes, for the achievement of the recommended target reliability level β t = 1,5
during the whole working life of the bridge some further provisions need to be accepted in design, e.g. increase of reinforcement design area or acceptance of protective measures against corrosion.
In the following study case it is considered that the bridge fulfills the requirements of Eurocodes for the ultimate limit states and the minimum area of reinforcement needed for limiting cracking. The probabilistic reliability analyses indicates that the initial reliability index (β = 1,65) of the bridge with respect to crack width still fulfils the required target value (β t = 1,5). However, the reliability of the bridge decreases in time due to the corrosion process. It is shown in Figure 3 that the reliability index decreases below the required reliability level after the first 30 years of the bridge working life. Then, the decrease of the reliability caused by pitting corrosion is going on with considerably greater rate than in case of uniform corrosion. For the bridge working life from 50 to 75 years, the reliability index significantly decreases below the target value due to the reinforcement reduction caused by pitting corrosion (in 75 years up to β = 0,6).
In case that the higher crack width limit w lim = 0,004 mm may be considered in 75 years of the bridge working life (remaining 25 years in Table 2 ) as recommended in the national provisions, the reliability index of the bridge affected by the pitting corrosion increases up to β = 1,5 meeting the required target value. However, the reliability of the bridge is significantly decreasing in the next time.
In case that 90 years of bridge working life (remaining 10 years) is assumed, the crack width limit w lim = 0,005 may be applied. Then the reliability index increases up to β = 1,7 for the pitting corrosion and then again significantly decreases.
When the uniform corrosion of bridge reinforcement is considered, the reliability index decreases less than in the case of pitting corrosion, fulfilling the target value of reliability index till 30 years. The reliability index decreases from 1,35 to 1,2 for the time interval from 50 to 70 years of bridge working life. The crack width limit 0,004 mm, resp. 0,005 mm, allowed in (CSN 73 6222, 2008) for the bridge remaining life-time of 25 years, resp. 10 years, seems to be proposed rather high leading to high values of the reliability index. It appears that the recommended values of crack width limits should take into account the character of deterioration process. 
Concluding remarks
The reliability analysis of a reinforced concrete bridge regarding the serviceability limit states of crack width indicates that the uniform corrosion leads to a smaller reduction of the reinforcement area and higher reliability indices than the pitting corrosion.
The results of probabilistic analysis of a selected deteriorating bridge indicate that its reliability after first half of bridge working life may be rather low (β < 1,3). Thus, to achieve the recommended target reliability level during the whole working life of the bridge, additional provisions need to be accepted in the design (e.g. increase of reinforcement cover, acceptance of protective measures).
The crack width models provided in the new European documents leads to similar but slightly favourable results than MC 2010. The serviceability constrains recommended for the assessment of the residual working life of a bridge in current prescriptive documents should be further analyzed and calibrated. The type of corrosion (uniform, pitting) and potential consequences of failure should be taken into account. It appears that the probabilistic assessment of existing bridges may facilitate the optimum decision regarding their safety and serviceability, and indirectly contribute to a sustainable development. 
